The relationship between Bach's tensor and the four dimensional conformal anomaly is clarified.
One of the more interesting problems in the celebrated AdC/CFT correspondence conjectured by Maldacena ([9] ) in the language introduced by Witten ([12] ; cf. also the reviews [1] , [3] ), [10] is the decoding of the hologram . In the simplest setting this amounts to recover the metric in the bulk space from the metric at the boundary.
To be specific, in the framework of the geometric approach to holography in its Poincaré form (that is, when the holographic image M d is represented as Penrose's conformal infinity of another B d+1 manifold), there is a privileged system of coordinates such that the
(The normalization corresponds to a cosmological constant λ ≡
Physically, the boundary condition is of the Dirichlet type, i.e.
where g ij is an appropiate metric on M d .
In the basic work by Fefferman and Graham ([6] ) it is proved that there is a formal power series solution to Einstein's equations with negative cosmological constant. This power series gives, in principle, a complete solution to the Dirichlet problem, at least in the vicinity of the boundary. When d ∈ 2Z there is, however, an obstruction, which in four dimensions is the Bach tensor (related to the News tensor, (cf. [2] ) and in higher dimensions is a new tensor, whose specific form is unknown, which will be called in the sequel the Fefferman-Graham tensor, a conformal invariant of weight (d − 2)/2. When this tensor does not vanish, there are logarithmic terms which spoil the expansion, which only makes sense up to order ρ d/2 . This means that
Even the term h
is not completely determined; Einstein's equations only give its trace as well as its covariant derivative. On the other hand, the coefficient of the logarithmic term is given in terms of the local anomaly a d by (cf. [7] ).
i.e., it is the energy momentum tensor of the integrated anomaly.
What we want to point out in this note is that there is a very simple relationship between the Bach tensor and the four-dimensional anomaly.
The vanishing of the Bach tensor [4] is the equation of motion corresponding to the lagrangian corresponding to the square of the Weyl tensor:
But precisely the anomaly (modulo local counterterms) for conformal invariant matter ( [5] )
is given by a combination of the Euler characteristic density, E 4 plus this conformal invariant lagrangian, I 4 . In four dimensions the Euler characteristic density, is given explicitly by
and is a topological invariant, that is, independent of the metric. The vanishing of the Bach tensor, is then the condition for the integrated anomaly to be topological, that is, independent of the metric, which acording to the previous equation (4) is the condition for
in which case there is no obstruction for a perturbative solution to the Dirichlet problem An interesting question is the characterization of those spaces for which there is no obstruction.
It is known (cf. [8] ) that all conformally Einstein spaces are in this class, but there are other solutions besides those (cf. [11] ), and a complete characterization is not known to us.
The non-asymptotically flat solutions found by Schmidt are a generalization of wellknown Kasner solutions, with metric
with Hubble parameters h i = a
1/2 and p = h 1 /r, them the vanishing of Bach's tensor is equivalent to:
9(dp/dt)
Each solution of this system of equations with dp/dt = 0 represents a non asymptotically flat metric enjoying vanishing Bach tensor.
A natural conjecture at this point is then than in higher dimensions the FeffermanGraham tensor is also the variational derivative of the conformal anomaly with respect to the background metric. Although both quantities are unknown in the general case, this is a potentially useful constraint.
